erable rates of scrap, rework, and repair. This absence of
uniform quantitative criteria has led to contract pricing that
often includes concealed and historically high rates of
scrap, rework, and repair. For example, touch-up, a form
of rework, is so common during the manufacture and as-
sembly of printed circuit boards that some contractors have
come to categorize it as part of the standard manufacturing
process. Touch-up and similar rework activities constitute
the so-called "hidden factory" in the production process.

Prematurely advancing an item from development to
production is a third major factor in excessively low yields
and, again, one that affects both commercial and military
products. Among key indicators of a program's suitability
for full-scale production are manufacturing yield and the
level of scrap, rework, and repair during initial, low-rate
production.4 If programs are permitted to proceed into full
production despite these early indicators of serious manu-
facturing difficulties, they will'usually have final costs that
exceed even the most pessimistic initial estimates.5

Finally, an emphasis on detection rather than prevention
of defects can also contribute to low manufacturing yields.
As quality-control experts often remark, "You can't in-
spect quality into the product"; quality must be designed
in.6 Detecting defective items is important, but doing so
after the fact is very costly to a production line. Those
manufacturers who tend to stress quality control at the ex-
pense of quality assurance will have to shift their focus to
the proper role of manufacturing engineers and recognize
the importance of process control if prevention is to take
priority over detection.

What remedies are available? An awareness of the need
for quality assurance and a commitment to improving

costs, DoD has revised the applicable controlling docu-
ments and military standards. As noted earlier, traditional
definitions have been ambiguous and imprecise; as a re-
sult, they have masked the real processing problem and
have prevented accurate assessments of cost and quick im-
plementation of corrective action.

A case in point is the previous definition of rework in
Military Standard 1520B. That document used to define
rework as "the reprocessing of nonconforming material to
make it conform completely to the drawings, specifica-
tions, or contract requirements." The revised version de-
fines it as all "out-ol-sequence processing of material to
make it conform completely to drawings, specifications, or
contract requirements." The revision also clearly states
that rework costs include all actual or allocated labor and
material costs required to identify and correct any deficien-
cies found during the inspection or testing of all purchased
and work-in-process parts and materials.

In addition, the standard now prescribes uniform and
more meaningful reporting formats. In the past, contrac-
tors have reported only rework performed as a result of n
Material Review Board decision. Now, they must report
the aggregate of all costs associated with activities falling
within the revised definition.

Efforts are also under way to update management infor-
mation systems to ensure that they capture data on scrap,
rework, and repair costs by program, work breakdown
structure, work center, and cause. Improved information
management will make major cost drivers more visible and
improve the ability to focus on controllable costs. Its po-
tential as a cost-reduction tool is especially attractive be-
cause it requires little or no capital investment, yet can

A 1982 study of aerospace productivity revealed that retest and rework
sometimes consume up to 40 percent of a plant's productive capacity.

quality are prerequisite for any solution. To alert manage-
nent to the actual extent of scrap, rework, and repair

4Jo?w C. Beinis, "Baseline Indicators of Production Readi-
ness," DoDUoint Service Production Readiness Reviews Confer-
ence Proceedings (Dayton. OH. November 19-20, 1980), p. 25.

^Problems associated with the transition of weapon systems
from development to production were the subject of a 1984 De-
fense Science Board study, which recommended the use of a
series of templates to minimize the risks involved. Such templates
have been developed and are now being used in selected
programs.

^Richard J. Schonberger, "Production Worker Bears Major
Responsibility in Japanese Industry," Industrial Engineering, De-
cember 1982, p. 36.

help managers pinpoint and address costly workmanship or
processing problems. According to a 1983 Air Force Con-
tract Management Division study, roughly half of all
nonconformances were due exclusively to workmanship.
Improving product quality also requires close, careful,
and conscientious surveillance of in-process operations.
That responsibility belongs to and should remain with the
quality engineer. However, the manufacturing process en-
gineer must ensure the adequacy of production processes
and adherence to them. Unauthorized variations in produc-
tion should not be tolerated. Quality assurance manage-
ment must make sure that factory personnel are properly
trained to perform their tasks. First-piece inspection is a
good indicator of whether personnel are adequately
trained, and product sampling provides a check on process
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